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® Exhaust gas denltrif leatton apparatus* 

® An improved exhauct gas denltrlficatlon appara- 
tus for denitrifyii^ nitrogen osddes in exhaust gas 
thn>ugh a catalytic reduction metnod by making use 
of ammonia or precursor thereof as a reducing 
agent A branch pipe for leading the exhaust gas to 
^an evaporator Is disposed at the upstream or at the 
<[downBtream of the denitrtflcatlon apparatus. The 

S evaporator contains therein an ejection nozzle for 
Bpraylng ammoiUa or precursor diereof, and a mbcer 
untfiornity mbtfng sprayed mist of ammonia or 
^precursor thereof with the exhaust gas. At least one 
(0ejeafon nozzle for ejecting ammonia or precursor 
COthersof evaporated by the exhaust gas within the 
evaporator and carrfed by the exhaust gas la pro* 

6vided In the flue and disposed at the upstream of a 
denltitflcatlon catalyat layer. 
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6XHAUST GAS DENlTninCAllON APPARATUS 



BACKGROUND OF THE INVENTION: 



Reld of the invanHon: 

TTia present invention refaies to an exhaust gas ' 
denitrtflcatron apparatu$ for reinovtng nitrogen oac- 
idee contained in exhaust gas, and more particu' 
iaiiy to such apparatus that Is advantageously ap- 
pncabie to denltrlfication of exhaust gas exhausted 
from a gas turbine, a dSeael engine, a gas engfne. a 
boHer, a heating furnace, a vraste mclnerator, an 
FCC, a chemical reaction processor and the nke» 



Description of the Prior Art; 

As one example of the exhaust gas demtriflce- 
tlon apparatus In the prior art, a denltrlflcatlon ap- 
paratus combustion exhaust gas exhausted 
from a gas turbine in a gad turbrne generation unit 
is chosen, and this will be deecrtbed with reference 
to Rg. 2. In Rg. 2, fuel 2 and arr 3 are fed to a gas 
turl)ine ii combustion extiaust gas produced as a 
result of combustion In this gaa turbine la sent to a 
flue 4. then it passes, at first through a denltrtffca- 
tion apparatus 5 provided with an ammonia irijec- 
tor, and next through a heat exchanger 9, and W Is 
dissipated into the atmosphere through a stack 7. It 
is to be noted that in Rg. 2, reference numeral a 
designates a generator driven by the gas turtaine 1. 

The denHriftcation apparatus 5 disposed In .iha 
tua d is such apparatus that by (njecttng ammonia, 
nitrogen oxides (hereinafter called UO^ (n combue- 
tion exhaust gaa ia reduced to harmlaaa nitrogen 
and water utilizing catalyst, and ance the combus- 
tion exhaust gas denitrified by the above^en- 
tioned denitrlficatlon apparatus 5 Is at a high tem- 
perature, heat possesssd by the exhaust gas Is 
recovered by a heat^xchanger 8 and Is dissipated 
to the atmosphere through a stack 7. 

One example of a device For directly spraying 
aqueous ammonia to the dsnltrlflcation apparatus 5 
in ih© above-dascrlbed system is illufltratsd in Fig, 
3. In Rg. 3, a spray nozzle 10 Is providad on the 
upstream side of a ddnitrification catalyst layer S 
disposed within the flue 4, and the construction la 
such that aqueous ammonia stored to an aqueous 
ammonia tank 12 may be sent under a pressure to 
tfie above-mentioned spray noade 10 by means of 
a pump 13. it is to be noted thet reference numeral 
11 designates a mixer. 

In addition* another example of a device in 
which fiquefled ammonia is vaporized, then diluted 
by air and then sprayed, is shown in Rg. 4, In this 



device, the construction Is such that ammonia fed 
from a liquefied ammonia tank 14 and having 
passed through an ammonia evaporator 15.. an 
accumulator 16 and a valve 17 Is diluted In a 

5 diluter 19 with air Introduced by a fan 16 and then 
lr\jectsd through an ammonia apray nozde 10 with- 
in the flue 4, 

In the case of directly dispersing aqueous am- 
monia (or aqueous urea which is precursor of 

TO aqueous ammonia) in the exhaust gas as described 
above and shown in Pig. 3, since the reaction of 
the Iqukf evaporating is alow and takes a time of 
0^ ' 1.0 second. It was neceeeery to select the 
distance ftom the ejection nozzle to the denltrlfica^ 

Tfi tion catalyst to be large, to spray in very fine mist 
or the equip a mixer for preliminarily mix Ae re* 
ducing agent with the exfwust gee. 

Also, in the method of employing liquefied am« 
monia as a reducing agent as shown in Rg. 4^ a 

20 storage facility as well aa an evaporation facility 
would become high^pfessure facilities, hence the 
faciiittea were dangerous In handling, and in view of 
transportation (tank-torry fransponatien) also the fa- 
cflltlea were dangerous, in addition, according to 

S6 that method, evaporated ammonia was carried to 
the flue by matdng use of diluting air. and hence 
there wee a shortcoming thai as a result of in- 
crease of the amount of the exhaust gas and cool- 
ing of the ndiauat gas. themnal income and outgo 

so as wall as matierlai income and outgo of the waste 
heat recovery facility were unbalanced. 



SUMMARY OF THE INVENTION: 

as 

in view of the above-described technical level 
of the prior art. the present invention ^ to provide a 
denitriffcatfon apparatus associated witi? an ammo- 
nia (or precursor thereoO injectkx) device which 
4? can efflcientty maldng NO^ in the exhaust gaa 
iiarmless* 

According to one feature of the prssent inven- 
tion. there Is provided an exhaust gas denltriffcation 
apparatus for denitrifying nitrogen oxides In ex^ 

4S haust gaa through a cataiytic reduction method by 
making use of ammonia or precursor thereof as a 
reducing agent which apparatus comprisea a 
branch pipe deposed at the upstream or at the 
downstream of the denitrlfication apparatus in a 

fio fiue of exhaust gas for leatf ng the exhaust gas to 
en evaporator via a blower auch aa a recirculation 
fan» an evaporator oorttalning therein an ejection 
nozzle for spraying ammonia or precursor thereof 
and a mixer for unifonniy mixing ^Trayed mist of 
ammonia or precursor titereof with the exhaust gaa. 
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and at least one ejection nozzle provided In the flue 
and disposed at the upstream of a depiirificstion 
catalyst layer for ejecting amnnonla or precursor 
thereof evmporated by the exhaust gas within the 
evaporator and carried t)y the exhaust gas. 

According lo the present invonUoni In opera- 
tion, when a^part of high-temperature exhaust gas 
at 300 - 500' C wlthfn a flue is branched and led to 
an evaporator by means of a blower such as a 
reclrcuiation fan, since within the evaporator are 
contained an ejection nozzle fbr spraying aqueous 
ammonia (or aqueous precursor thereof) Into fmely 
atomized particles and a liquid (aqueous ammonia 
or aqueous precursor thar^ofV^as {exhaust gas) 
mixer, hare vapor of aqueous ammonia (or aque- 
ous precursor thereof) cairied by exhaust can 
be obtained efficiently. 

By laedlng this vapor from the ejection nozzlea 
at the upstrevn of the denitriflcation catalyst layer 
maintained at appropriate dleposftlon, vapor of 
aqueous ammonia (or aqueous precursor thereof 
such as« for exampto. aqueous urea : hereinafter 
called simply aqueous ammonia) and (he exhaust 
gas oan iM mixed efficiently with a short period of 
Hme within the flue, and by passing through the 
denltrHicatlon catalyst layer, denitrfflcation can be 
achieved efficfently. 

The at^ove-mantloned and other objects, fea^ 
(uree and advantages of the present invention will 
beoorif^ more apparent by referanee to the follow^ 
ing descriptian of one preferred emtxxAment of the 
im/enilon taken in contunction with thB accompany^ 
ing drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS: 

in the accompanying drawlrigs; 
Rg. 1 is a schematic view showing one 
preferred embodiment of an exhaust gas de« 
nitrincation apparatus according to the present in- 
vention: 

Fig. 2 is a schematfc view lowing one 
example of an exhaust gas denltrifica6on apparatus 
in the prior art; and 

Figs, 3 and 4 are schematic views atiowlng 
two different modes of injecting ammonia serving 
as a radudng agent in the exhaust qss denltrifice- 
tlon apparatus In ths prior art 



DESCRIPTION OF THE PREFERRED EMBODI- 
MENT: 

in the following, one preferred embodiment of 
the exhaust ^ denltriflcation apparatus according 
to the present invention wfU be described with 
reference to Fig. t. 



Exhaust gas of a gee turbine, a dlesei engine 
or the nice not shown is Introduced to a flue 4. in 
the lilustreted exhaust gas denitiflcatlon apparatus » 
an ammonia injection device is composed of a 

s branch pipe 21 for introducing high'»tamper8tui« 
exhauat gas to an evaporator 20. an evaporator 20 
for mixing and evaporating aqueous ammonia and 
exhaust gas, and an ammonia injector section for 
Injecting vapor of evaporated aqueous ammonia to 

70 the flue 4. 

In more particular, the t>ranch pipe 21 la moun* 
ted on the downstream side of a denitrtflcation 
catalyst layer 9 disposed en the flue 4. However, 
this branch pipe 21 could be mounted on \he 

16 upstream side of the denitrtficatlon cstaiyat layer 9 
tielween spray nozzfss 10 and the catalyst layer 9 
or on the upstream side of the spray nozzie 10. A 
part of the exhaust gas at 300*C - 500*C de- 
nitrified by the denitrification catalyst layer 9 is 

aa boosted In pressure, sent under a pressure and 
Introduced Into the evaporator 20 by means of a 
blower such as a recirculation fan 22 mounted to 
the same branch pipe 21. Whhln the above<men* 
tior^d evaporator 20 is mounted an atomizing gun 

SB 25 to which an aqueous ammonia pipe 23 and a 
steam pipe 24 are connected, further on the down- 
stream side of the atomizing gun 25 is accom- 
modated a mixer 26. to which finely atomized 
aqueous ammonia is sprayed with atomizing steam 

so by means of the atomizing gun 2S. The aqusous 
ammonia once evaporated by a part of the high- 
temperatura e^^aust gas introduced through the 
brandfi pipe 21/18 uniformly and fully mixed with 
the exhaust gas In the mixer at the downstreamr 

jSS and thus vapor of aqueous ammonia carried by the 
exhaust gas is fbrmed. 

To this evaporator 20 Is connected a duct 27, 
which is led to the upper stream of the catalyst 
layer 9 within the Flue d, and one or more ejection 

40 nozzles 10 whose number ie matched with the 
crms^ction area of the flue 4, are disposed. 
Vapor of aqueous ammonia is Iniected through 
these ejection nozzles 10 at a rats correspondfng 
to the now rate of the exhauat gas. hence the vapor 

46 of aqueous ammonia is uniformly mixed with the 
exhaust gas in an efficient manner within a short 
period of time In the flue 4, end thereafter It passes 
through the catalyst layer 9. At this time, Ndc in 
the exhaust gas can be efficiently reduced Into 

60 hanmlass nitrogen and water Oy ammonia and the 
catalytic reaction* 

Aa wiH be apparent from the above descdptfon. 
acconjing to the present invention, owing to the 
provision that a part of the htghHemparature ex- 

66 haust gas Is utilized as gas for -evaporation purpose 
and is returned again to the nue» the Dow rate of 
the exhaust gas becomes invariant, and necessity 
for hot gaa for evaporation purpose la eliminated. 
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Moreover, since aqueous ammonia is evap- 
orated In afi evaporator outaid© of a flue, time for 
ovaporating within a flue bocsomos unnecassary, a 
reducing agent (vapor of aqueous ammonia) can 
be ejected even from a vaiy short diatanee posMon 6 
from a catalyst layer* and thereby denltriflcatlon 
reaction can be effected In a narrow space* 

Furttiermore, aqueous ammonia can be used 
similarty to llquofled ammonia, fience Moh-pressure 
facintys sucn as a storage facllrty, an evaporator io 
and the like become unnecessary, and handling of 
the denltrjfleatlon apparatus beoomea oonvenlant 

While a principle of trie presoni invention haa 
been descdbed above In connection to one pre- 
ferred embodiment of the Invention, it is a matter of t$ 
course that many apparently widely different em» 
botf ments of the Invention can be made wrtfwut 
departing from Ihe spirit of the preaoot invention. 

zo 

Ctakms 



1. An exhaust gas denitrlfication apparatus for 
dei4trlfylng nitrogen oxides In etchauat gaa tttrough 
a catalytic reduction method by making use of ss 
ammonia or precuraor thereof ae teducing agent 
characterized by the provision of a tranoh pipe 
disposed at the upatream or at the downstream of 
the denitrifjcatron apparatus in a flue of exhaust gas 
fpr leading the exhaust gaa to an evaporator via a so 
blower auch as a reclreulatlon f^i an evaporator 
containing therein an election noz2le Ibr spraying 
ammonia or precursor thereof and a mixer fbr 
uniformly mbang sprayed mist of ammonia or pre- 
Guraor thereof with the exhaust gas. and at least ss 
one ejection nozzle provided in said flue and dis- 
posad at (he upstream of a denftrtflcatlon catalydt 
layer fbr eiecting ammonia or preoursor Utareof 
evaporated by the exhaust gas withdn said evopora* 
tor and carrlad by tfie exhaust gas. 40 

a. An exhaust gas denltrtflcatlon apparatus as 
claimed in Claim 1, characterized in that ammonia 
or precursor thereof and atomizing staam are fed 
to said ejection nozzle within the evaporator for 
sj^M'ayf ng ammonia or precuraor theraof. <^ 

S, An exhaust Qss denhnflcation apparatus as 
claimed in Claim l . charactarized in that aqueous 
ammonia or aqueous solution of precursor of am- 
monia la fM to the ejection nozzle within said 
evaporaton ^ 
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